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I. INTRODUCTION
Quantum computing [1,2] has attracted a lot of physicists since Shor found his quan-
tum algorithm of factorization of a large number [3] because it can speed up exponentially
computation than doing this in a classical computing. Quantum computer appears very
promising from then. In quantum computing, quantum algorithm plays a central pole. The
eciency of quantum computer is just revealed by it.
Both classical and quantum algorithm consists of a serial of computing steps. In quantum
algorithm, a computing step can be a transformation or a quantum measurement. The nal
quantum computing task made of them is represented usually by the product of them formed
an total unitary transformation. It necessary to point out that there is an essential dierence
in classical computing and quantum computing. In a classical algorithm, one usually does
not need to consider how to connect two computing steps because classical data flow is in
general single path (unless in parallel). But, in a quantum algorithm, one has to think over
this problem because quantum data flow is in general many branches (paths). If with respect
to two quantum computing steps, that is two (unitary) transformations, one designs their
quantum networks independently, then the arrangement ways of quantum data of input
and output for two quantum networks are dierent in general. It implies that it is better
if we can have a standard design method and an universal design principle for quantum
network. Then we can determine an interface gauge so that each (simple) quantum network
corresponding to each quantum computing step is a standard hardware. Finally, we can
assemble them in a standard and easy method to build a complicated and whole quantum
network for a given quantum algorithm.
Roughly speaking, the quantum network can be divided into three levels. First, the
fundamental quantum network consists of a few basic quantum gates. Usually it can be
constructed in the dierent methods. Secondly, the simple quantum network corresponds to
a given computing step which consists of the quantum gates and/or fundamental quantum
networks acting synchronously in time. The last is the complicated quantum network is
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made of the fundamental and simple quantum networks. A quantum algorithm is usually
implemented by a complicated quantum network. It seems to me the integrality of quantum
network to the quantum algorithm is important but the part of quantum network for a given
quantum algorithm, even though this part is the key quntum computing step, is not enough
in practice because of the above reasons. In engineering, it is not a trivial thing.
In this letter, by making use of an universal quantum network { QCPU proposed by me
[6], I obtain the whole quantum network which can implement some known quantum algo-
rithms including Deutsch algorithm [2], quantum Fourier transformation, Shor’s algorithm
[3] and Grover’s algorithm [4]. In fact, QCPU also can be used in quantum simulating [7].
II. QUANTUM CPU
So-called quantum central processing unit refers to such a piece of hardware in quantum
computer which can implement a general quantum computing. In fact, it is an universal
quantum network in a more familiar language in quantum information science. This is
because quantum network can be thought as a piece of hardware of quantum computer
in order to implement quantum computing which has used the quantum feature such as
quantum parallel and quantum algorithm. A quantum network consists of a set of gates
which can act on quantum register at same time but not a serial of actions in turn in time.
This is just so-called a piece of hardware and in mathematics it can be described by an
unitary transformation matrix. In my paper [6], I proposed an universal quantum network
or QCPU dened as










expf[(Umnjxmihxnj+ Unmjxnihxmj)⊗ IA/2]  Cyg (2)
where Rm(Umm) =
∑2k−1
m=0 jxmihxmj ⊗ Ummj1iAAh1j is called Rotator and Tm,n(Umn) =∑2k−1
m,n=0 jxmihxnj ⊗ Umnj0iAAh1j is called Transitor. Their pictures can be seen in Fig.1.
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In addition, IR and IA are unit matrix in the register space and auxiliary qubit space,
NA is a Not gate acting on auxiliary qubit. While D is so-called \Drawer" dened as
D = IR ⊗ j1iAAh1j, and C is so-called \Connector" dened as
C = (IR ⊗NA)D = IR ⊗ j0iAAh1j (3)
which is used to the preparing transformed state.
The action of QCPU on k−qubit register and single auxiliary qubit j0iA implements a
general quantum computation:
Q(U)Ψ⊗ j0iA = Ψ⊗ j0iA + Ψ0 ⊗ j1iA (4)
Obviously, we make a project measurement D in auxiliary qubit, we can obtain the above
the transformed quantum state Ψ0. While another project measurement will result in Ψ
itself. In Fig.2, we give out a picture of two qubit QCPU which can implement a general
4 4 quantum computing.
It is easy to get the reversible operation of Q(U). In practice, we often need to nd the
realizations of QCPU for the given transformations, for example, some typical transforma-
tions or the computing steps in the algorithm. In order to construct a scaleable quantum
network and implement the computing steps in turn in quantum algorithm, we use the
\Connector" C so that a serial of transformations U1U2   Ur can be written as




where Q(Uj) is a realization of QCPU of transformation Uj . It must be emphasized that
the equation (5) is not an operator equation. Two sides of it are equal only if they act on
quantum state Ψ⊗ j0iA. Therefore, we use ’ instead of =. Another important relation is
about the summation of some transformations
Q(U1 + U2 +   + Ur) = Q(U1)Q(U2)   Q(Ur) (6)
This QCPU is universal because it can implement a general quantum computing task.
This QCPU and its realizations are standard and easy-made because they only have two
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kinds of basic elements and two auxiliary elements. This QCPU and its realizations are
scaleable because they can easily connect each other. This QCPU is able to implement a
general algorithm because the equation (5). This QCPU is favor to the design of quantum
algorithm including quantum simulating because it gives out the standard and explicit re-
alization for each computing step. This QCPU is possible helpful for programming it since
its simplicity in design.
Now, we have had the tools to implement the quantum algorithm.
III. DEUSTCH’S ALGORITHM
Deutsch’s problem is the rst quantum algorithm and is one of the simplest one. However,
it explains some important properties in quantum computing. Only taking one input qubit
x and one output qubit f(x) (unknown function), we altogether have four possible values
of the function f1(0) = f1(1) = 0; f2(0) = f2(1) = 1; f3(0) = 0 and f3(1) = 1; f4(0) = 1
and f4(1) = 0, because each f(0) and f(1) have two possible values. This problem wants
to judge whether f is constant (f(0) = f(1), such as f1 or f2) or balanced (f(0) 6= f(1),
such as f3 or f4). Intuitively, the best classical strategy is to calculate f explicitly for input
0 and 1, and then compare them. Therefore, in order to solve this problem, one has to
two times calculations for the function f . However, quantum algorithm only needs single
calculation to get the result. This algorithm was rst proposed by Deutsch [2]. Now it has
been improved and extended [5]. Deutsch’s algorithm can be described as the following:
 Prepare the rst and second qubits respectively in j0i and j1i. The total quantum
state is j01i.
 Act on each qubit by Hadamard transformation H = (σ1 + σ3)/
p
2,where σ1, σ3 are
usual Pauli matrix. Thusit leads to H ⊗Hj01i = (j00i − j01i+ j10i − j11i)/2.
 Dene a two-qubit gate Uf : ji, ji ! ji, j  f(i)i, where i, j = 0, 1 and  means
addition and mod 2. It acts on the above superposition state.
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 Again, act on each qubit by Hadamard transformation. It is easy to verify the nal
state is j01i (if f = f1); −j01i (if f = f2);j11i (if f = f3);−j11i (if f = f4).
Therefore, to make a measurement to the rst qubit will reveal if the function is constant
(output 0) or balanced (output 1).
Obviously, Deutsch’s algorithm can be written as the following:
U(Deutsch) =

1 0 0 0
0 (−)f(0)δf(0)f(1) 0 f(0)f(1)
0 0 1 0
















where δf(0)f(1) = 1 if f(0) = f(1), otherwise it is zero, and f(0)f(1) is an usual antisymmetric
tensor dened as 01 = −10 = 1, the others are zero. Furthermore, we can simplify Deutsch’s









expf[Vmn(Deutsch)jxmihxnj ⊗ IA]  Cyg (10)
Its action on j1i ⊗ j0iA will give the expected result. To make a measurement in basis j11i
will reveal if the function is constant (output 0) or balanced (output 1).
IV. QUANTUM FOURIER TRANSFORMATION
Quantum Fourier transformation plays an important role in quantum algorithm including


























jpin/(2k − 1)Hjj0ihpnj (12)













jpin/(2k − 1)]]Hj . While M0n = j0ihxnj. Its picture see Fig.3
for three qubits.
V. SHOR’S ALGORITHM
Shor’s algorithm is used to the factorization of a large number N . It can speed up
exponentially computing than doing this in a classical computer. Shor’s algorithm can be
described as the following
 Start with two k−qubit registers in j0ij0i, then prepare the rst register into a super-
position with equal weight in terms of Fourier transformation or k−Hadamard gate,


















 Measure the second register by I1 ⊗ jammodNihammodN j.
 Do Fourier transformation F to the rst register.
 Measure the rst register in the basis jli. If one obtains one values L, then solve equa-
tion to nd the period. Once r is known the factors of N are obtained by calculating
the greatest common divisor of N and ar/2  1.
Thus, the main steps in Shor’s algorithm can be represented by one transformation
matrix:
U(Shor) = (F ⊗ I2)M(ammodN)GH ; M(n) = I1 ⊗ jnihnj (17)
The product of serval matrix is an easy problem. After we know the form of U(Shor),
we obtain the parameters to determine the realization of QCPU. It can implement Shor’s
algorithm. But, it is more convenient, sometime more ecient, to use the several realizations
of QCPU and quantum measurement corresponding this algorithm. Since we have had the
realization of QCPU for quantum Fourier transformation, we only need the realizations of
QCPU for H, C. Obviously, from the realization of QCPU for Hj it follows that
Q(H) ’ IR ⊗ IA + (IR ⊗NA)
k∏
j=1
(CQ(Hj ⊗ I2)) (18)
Notice the Hj only acts on the rst register, it corresponds to k ! 2k, but the sum only for




expf(jnijanmodNihnjh0j)⊗ IA)  Cyg (19)
Therefore we can dened the quantum network of Shor’s factorization:
Q(Shor) ’ IR ⊗ IA + DQ(F ⊗ I2)(M(ammodN)⊗ IA)CQ(G)CQ(H) (20)
From this example about Shor’s algorithm, it seem to me to design a quantum algorithm is to
seek a appropriate seriation of quantum transformations and quantum measurements and to
implement a quantum algorithm is to give the realizations of QCPU for every transformations




Grover’s algorithm is used to search the expected term in the unstructured data. It can
be described as the following
 Start with a k−qubit registers in j0i, then prepare it into a superposition with equal
weight in terms of Fourier transformation or k−Hadamard gate, that is Hj0i =∑2k−1
n=0 jni.
 Do a reflection:




where j corresponds to the expected data.
 Make the following operation:
R1 = F




where I is unit matrix, F is a quantum Fourier transformation, F−1 is its inverse and
R0 = 2j0ih0j − I.
 Repeat R1R2
p
Npi/4 times and then do all measurements
Since we have obtained the quantum network for quantum Fourier transformation and its
inverse has the similar realization but the parameters with a negative sign. While R0 and








expf((−1)δjm jxmihxmj ⊗ IA)  Cyg (24)
Combining them, we obtain the quantum network for Grover’s algorithm is
Q(Grover) ’ IR ⊗ IA + DQ(F−1)CQ(R0)CQ(F )CQ(R2) (25)
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From the above implement of quantum algorithm, we can summary a general principle
of design of quantum algorithm including quantum simulating procedure. For a quantum
computing task, that is an unitary transformation U , all we need to do for design of quantum
algorithm and quantum simulating procedure is to seek a its optimized decomposition seri-
ation including quantum measurements in an appropriate space. Meanwhile, this seriation
should be the most suitable and the realization of QCPU of every step (quantum transfor-
mation) is the simplest. In order to do this, we need to simplify the realization of QCPU
for all computing steps and nd the optimized decomposition, we have to use the symmetry
property of every step U i as possible, such as the transposing invariance U inm = U
i
mn or the
row equality U imn = U
i




0n for all m as well as make
Uj with zero elements as many as possible. In fact, I proposed the standard method to
build a whole quantum network from the realization of QCPU if the transformation matrix
is known. It is very important in engineering. It is helpful for simplifying and optimizing
the quantum algorithm and so one can design the quantum network for this question in
standard method. In this letter, we have seen such some examples. It becomes an easy work
to write the whole quntum network for a given quantum algorithm. Moreover, we can use
the fundamental laws of physics, specially the principles and features of quantum mechanics,
for example coordinate system choose, representation transformation, picture scheme and
quantum measurement theory if a quantum computing task is thought as a physical pro-
cess. It is more clear in quantum simulating [7], over there I gave some useful and interesting
examples.
I would like to appreciate Artur Ekert for his great help and hosting my visit to center
of quantum computing in Oxford University.
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FIGURES
FIG. 1. Basic Quantum Elements of QCPU
FIG. 2. Two Qubit Quantum Central Processing Unit (QCPU)
FIG. 3. The sub-quantum network for QFT on the second qubit
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